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METHOD OF DETERMINING TRANSMISSION RATE FROM A MOBILE STATION 
TO A BASE STATION IN A WIRELESS COMMUNICATION SYSTEM 



Background of the Invention 

L Field of the Invention 

This invention relates generally to mobile telephone systems and, more particularly, to a 
method of assigning a high data rate to a mobile station of a CDMA system. 

2. Description of the Related Art 

FIG. 1 illustrates a typical cellular based wireless communication system. 
Communications from base station 10 to mobile stations 12,14 and 16 are transmitted using 
downlink channels 18, 20 and 22, respectively. Similarly, communications from mobile stations 
12, 14 andl6 to base station 10 are transmitted using uplink channels 24, 26 and 28, respectively. 

In a CDMA packet data system, the base station assigns channels for high data rate 
transmissions by the mobile stations on the reverse link. Determination of the acceptable rate is 
based on a number of factors such as availability of hardware resources, sufficient back haul 
capacity, scheduling algorithm, the ability of the air interface to support high rate transmission 
and the like. 

A CDMA carrier is shared by muhiple mobile stations involved in voice or data 
communication. Each mobile station transmits a spread spectrum signal on the reverse link which 
interferes with the signals transmitted by all other mobile stations. Data channels can have 
transmission rates that are significantly higher than voice or low speed data channels. As a result, 
transmission power and the consequent interference produced by high rate channels is higher than 
that produced by voice and low speed data channels. The base station tries to minimize the impact 
of the mutual interference between signals received from different mobile stations through the 
power control procedure. To keep performance of existing voice and data users at their target 
quality of service levels while preserving the design coverage, a need exits to complement the 
existing power control method with a method which can limit the adverse impact of high data rate 
transmissions. 
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Summary of the Invention 

In accordance with the invention, a method is disclosed for determining when a request 
for a higher transmission rate should be granted to a mobile station that currently has access to a 
5 communication system to facilitate the maintenance of a performance target (quality of service 
level) of the reverse link. The method for determining when a mobile station can have access to a 
higher transmission rate includes obtaining first and second estimated performance indicators for 
a reverse link of the base station that a mobile station is currently accessing. A blocking 
threshold value is established. Access at the requested higher transmission rate is based on a 
10 comparison of the first and second indicators relative to the established blocking threshold value. 
If access is denied at the requested higher rate, access will be granted at the next lower rate which 
will not degrade the performance of the wireless communication system. 

i:g Brief Description of the Drawings 

15 A more complete understanding of the method of the present invention can be obtained 

ijl by reference to the following detailed description of the preferred embodiment that follows, taken 



in conjunction with the accompanying drawings, wherein: 



Lpj FIG. 1 illustrates a typical cellular based wireless communication system; and 

; FIG. 2 illustrates a graph of receive signal strength indicator rise verses estimated loading 

Q 20 at burst start time plus anticipated increase of loading for a burst at start time in accordance with 
the principles of the invention. 



Detailed Description 

The invention disclosed in U S Patent Application. No. , entitled "Method and 

25 Apparatus For Controlling Reverse Link Interference Rise And Power Control Instability In A 
Wireless System," by Gandhi et al, discloses a method for avoiding system instability and/or 
overload by determining whether or not a new call should be given access to a system. In the 
aforementioned patent application, the cell site simultaneously estimates and maintains several 
parameters needed for the overload control decision. These parameters include relative 
30 interference rise over the thermal noise floor (RSSI rise), loading, reverse frame error rate 

(RFER), and dropped call rate. Depending on implementation complexity, different subsets of 
these parameters are used for the control decision. The RSSI rise is measured directly at the cell 
site and processed appropriately via sampling and statistical averaging to reduce the impact of 
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instantaneous variations in the received signal caused by short term effects such as voice activity, 
fading, access probes etc. 

This parameter was shown to be a good indicator of coverage in field tests. The loading 
is an indicator of how much the change in interference contributed by each CDMA channel 
(voice, low speed or high speed data) impacts the overall system performance. The loading 
estimate includes contributions from mobiles in the cell of interest as well as mobiles in other 
cells that are coupled with the cell of interest via power control. In the call admission procedure 
described by the aforementioned patent application, the RSSI rise parameter is compared with the 
current value of a control threshold. If the threshold is exceeded, the system rejects new call 
arrivals to prevent further coverage and performance degradation. This threshold value is 
dynamically adjusted based on the current loading estimate. The rational for this approach is that 
the addition of new users into a highly loaded system has a stronger impact than the addition of a 
new user into a lightly loaded system for the same loading increment. In addition, if the system is 
highly loaded, the risk of triggering power control instability is greater. 

In this invention, the performance of a voice and data user of a mobile station that 
currently has access to the system as opposed to admitting a new mobile station, is kept at a target 
quality of service level by using a rate assignment method. This method is based on predicting 
what the anticipated rise of the interference will be after a channel is assigned but prior to actually 
being given access at the requested new higher rate. 

A high rate data burst has two major side effects on the operational status of the reverse 
link of a CDMA system. It increases the received CDMA power for the base stations in the 
vicinity and, in addition, it also increases the reverse link loading for the soft handoff base 
stations. The extent of these increases and the impact that they have on performance depends on 
the current system operational status. With this invention, an incoming reverse burst request for a 
data rate increase is assigned the requested rate or a new rate such that the estimated impact on 
the performance of the system is within the design limits of the system. With this invention, the 
impact of a new higher data rate burst for each of the base stations that the mobile is in soft 
handoff with is estimated, and the burst is admitted at a rate that will be sustainable by all of the 
affected base stations. The impact of the high rate burst is estimated at each cell, using the 
current Receive Signal Strength Indicator (RSSI) measurement and loading estimate for that 
sector/carrier. 

The rate decision method here disclosed uses RSSI rise and loading estimates of the 
current operational state of the system. This method relies on relationships between the RSSI rise 
and loading metrics to predict the future operational state of the system if a certain rate is 
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assigned. All possible rate assignment hypotheses are tested by comparing the projected RSSI rise 
with the thresholds set to enforce design coverage and quality of service for the existing calls. 
This test is performed at all handoff legs of the call. The rate v^hich satisfies the admission 
criteria at all base stations involved in the handoff for the call becomes a possible rate for the 
assignment. The final rate decision is also based on additional factors such as hardware and back 
haul availability, scheduling considerations, etc. When the rate decision is made, it is passed to all 
base stations that have handoff legs for the call. 

This invention is applicable to the situation where there is a delay between initial rate 
estimation by the handoff base stations and the final rate decision as well as between the time 
when the rate decision is made and when the high data rate transmission actually starts. In those 
instances when this delay is present, there is a possibility that the operational status of the system 
(RSSI rise, loading) estimated initially made may change by the time the transmission actually 
starts. This change may be due, for example, to the start of new data bursts or the release of 
existing bursts of other users that are sharing the same frequency carrier. If no appropriate 
measures are taken, there is a potential risk of underestimating the impact of the requested high 
data rate burst on existing and future users such as instability, loss of coverage, high FER and 
dropped calls. It is also possible that the system will overestimate the potential negative impact 
of the requested high data rate channel assignment, thus resulting in the granting of a rate lower 
than could actually be granted which will result in under utilization of the air interface resources. 
To prevent either of these from happening, the rate assignment procedure tracks the committed 
loading fraction for high data rate channels that have been assigned but are yet to start 
transmission as well as the loading that will be released after some of the existing transmissions 
end. With this invention, it is possible to obtain a more accurate estimate of what the projected 
operational status (RSSI rise, loading) of the system will be at the time the burst is going to start. 

The loading (both current and projected) can be computed in different ways. For 
example, the cell may estimate loading as a fraction of reverse link voice pole capacity by 
assuming that a high data rate channel is equivalent to a certain number of voice channels. 
Another more accurate estimate involves calculating the loading based on the measurement of the 
reverse link signal to noise plus the interference ratio received from the mobiles on the existing 
reverse channels (e.g., in the CDMA 2000 system, the reverse fundamental or pilot channels); and 
using that information to estimate the anticipated signal to noise ratio of the requested high speed 
data channel from that mobile. 

The expected increase in loading for a burst at rate RJ can be estimated as 

L_A^=YxestSIR^ 
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Where y is dependent on the other cell interference received by other cells in this sector 
and can have a value of 1 or larger; and 

estSIR^ is the estimated signal to noise ratio of the high speed data channel from this 

mobile. 

Referring to FIG. 2, there is illustrated a graph of receive signal strength indicator rise 
versus the estimated loading at burst start time plus the anticipated increase of loading for a burst 
at start time. FIG. 2 illustrates the method of estimating the maximum reverse data rate that is 
allowed for a specific user based on the current link conditions when a mobile sends a request to 
transmit at a new high data rate burst on the reverse link in accordance with the principles of the 
invention. 

As illustrated in FIG. 2, the blocking threshold 32 can be based on reverse frame error 
rate. FIG. 2 represents an illustrative relationship between blocking threshold values and loading 
levels. The blocking thresholds represent overload control thresholds to prevent overloading of 
the wireless communications system with active mobile stations. The blocking thresholds are 
shown as varying versus loading in a discontinuous or step-like manner. However, the blocking 
thresholds may also be continuous. In FIG. 2, the vertical axis represents interference rise (i.e., 
RSSI rise) at a base station. The horizontal axis represents loading for a sector, a cell, or another 
geographic coverage region associated with the base station. The ideal RSSI-loading curve is a 
mathematical relationship computed from the RSSI rise and loading metrics to predict the future 
operational state of the system if a certain rate is assigned to a mobile station and shows how 
interference rise increases with greater loading. The blocking threshold is preferably decreased 
from a highest blocking threshold at a corresponding lowest loading level to a lowest blocking 
threshold at the corresponding highest loading level because the increase of a user transmission 
rate at a lower loading level results in a smaller increase in the interference rise than at a high 
loading level. Therefore, the impact of performance of the existing mobile stations is less for 
lower loading levels. 

As illustrated in FIG. 2, the blocking threshold 32 is decreased in three steps from a 
lowest loading range in a first region, to an intermediate loading range in a second region, to a 
highest loading range in a third region. It is to be understood that the blocking threshold 32 can 
be a linear function or a continuous curve. In FIG.2 the blocking threshold is illustrated as a step 
function having three separate regions where the first, second and third regions are each separated 
by a solid vertical line. 
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A base station or another network element can estimate loading on the wireless 
communications system in accordance with various alternative techniques. Once the loading level 
is estimated, the nominal blocking threshold can be determined from a look up table based on, for 
example, FIG. 2. 

5 When a request is made by a mobile for permission to transmit at a new higher rate burst, 

the base station estimates what the value of the current receive signal strength indicator rise will 
be at the burst start time, and also estimates what the value of the loading will be at the burst start 
time. Each value, the RSSI rise value and the loading value is for all active voice and data 
connections and these two values are used to determine point 40 of curve 42 of FIG. 2. 
10 The base station determines the anticipated change in loading that will occur if a new 

high rate channel is assigned. To do this, the base station determines the sum of the current 
loading and the change of loading (L A ) for each possible rate. This is illustrated in FIG. 2 as a 
shift to the right along the abscissa axis by an amount that corresponds to different values of LA 
i:3 and is indicated by reference numerals 42 for channel rate of 19.2 Kbps; 44 for channel rate of 

15 38.4Kbps; 46 for channel rate of 76.8Kbps; and 48 for channel rate of 153.6Kbps, 
^ Next, the base station determines what the projected receive signal strength indicator rise 

i=ri will be if the requested high rate channel is assigned and actually used. The projected receive 

signal strength indicator (RSSI Projected) Rise is determined from the following relationship: 



C3 
^0 



20 



RSSI Rise (projected) = 



RSSI Rise (estimated) 

1 LArj 



in 



1 - L (estimated) 



Where RSSI Rise (estimated) (curve 34) is the estimated receive signal strength indicator 



at the burst start time; 



25 



L A is the projected change of loading for the mobile requesting the new channel; and 
L (estimated) is the loading estimated at the burst start time. 

The projected RSSI rise and the loading (the sum of the loading at burst start time plus 



the change in loading (LA ) for the requested high rate channel ) predict what the anticipated state 



of the system will be after the high rate channel is assigned and used. 
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The base station then compares the value of the projected RSSI rise with the threshold 
value. If the projected RSSI rise is less than the threshold value, the base station will allow the 
request for the high rate burst. If, however, the projected RSSI rise is greater than the threshold 



6 



Gandhi-Kamel-Thomas-Vi|^^- Weaver 7-16-10-1 4-33 

value (curve 32), then the base station will deny the request. It is to be noted that the threshold 
values are chosen from the region which corresponds to the anticipated loading after the 
requested channel for the high rate burst has been added. Thus, the projected increase in loading 
is taken in conjunction with the expected loading at the burst start time (using current loading and 
loading information about other bursts that will be active at that time) to estimate the increase in 
RSSI rise from allocating this burst. If the RSSI rise increase is above the design limit for that 
projected loading, the burst allocation at that rate is denied. If the burst alloation at the requested 
rate is denied, the next lower rate allocation hypothesis is considered, and the process continues 
until a choice for the burst rate that satisfies the loading and the RSSI rise design constraints is 
obtained and it is this new rate that will be assigned. 

Although a preferred embodiment of the method of the present invention has been 
illustrated in the accompanying drawings and described in the foregoing detailed description, it is 
to be understood that the invention is not limited to the embodiment disclosed, but is capable of 
numerous rearrangements, modifications and substitutions without departing from the spirit and 
scope of the invention as set forth and defined by the following claims. 




